Abstract. Nutrient and oxygen distributions were measured during a hydrographic survey of the Northeast Water Polynya off the northeast coast of Greenland (77-81 °N, 6-l7°W) during July-August 1992 and were interpreted in the context of satellite imagery of the region. Satellite imagery revealed a convoluted plume of cold water flowing along isobaths from underneath fast ice in the southwestern portion of the polynya toward the northeast. This plume carried relatively high nutrient and low oxygen inventories. Nitrate to phosphate ratios were low in the polar water, consistent with an ultimate source of this water mass in the Pacific sector of the Arctic Ocean. It is hypothesized that the low N :P Arctic outflow might be the cause of nitrate limitation along the east coast of America as far as Cape Hatteras. Gradients of both nutrients and oxygen inventories in the euphotic zone were observed along and across the axis of mean flow within the polynya and are shown to be due to net production of organic matter. On the basis of these spatial gradients of nitrate and oxygen, an assumed along-axis current velocity of 10 cm s-1 , and the observed relationships of biologically removed inorganic carbon with nitrate and oxygen, the net organic matter production was estimated to be 40-60 mmol(C) m-2 d-1 • This represents the organic carbon available for export from the polynya euphotic zone. Nutrient-deficient and oxygen-rich waters were observed merging with the southward flowing East Greenland Current, suggestive of possible export, however, the ultimate fate of organic carbon produced within the polynya requires further study.
Introduction
Polynyas (i.e., open water regions surrounded by ice) have been referred to as the "oases" of the Arctic [Struzik, 1989) . The absence of ice cover during the polar day, combined with a supply of nutrients advected from beneath the adjacent ice cover, provide the potential for high, localized biological productivity. This high productivity can provide a food source for higher trophic levels, including birds and marine mamma)<,. For these reasons, polynyas are ecologically (and, in the Arctic, sociologically) important.
Polynyas also can serve as natural "laboratories" for the study of high-latitude biogeochemical and ecosystem processes. The ice edge provides a well-defined boundary separating regions of light-limited production beneath the ice from illuminated waters within the polynya. When combined with an advective supply of nutrients into polynya surface waters and appropriate advection timescales, an ecological progression from light limitation of phytoplankton growth, through rapid growth in the presence of abundant Copyright 1995 by the American Geophysical Union.
Paper number 94JC02203. 0148-0227 /95/94JC-02203$05. 00 nutrients, to nutrient-limited growth, may become established within a polynya. Whereas in most oceanic regions, such a progression is strictly temporal (e.g., seasonal), within a polynya a similar succession might be expressed spatially (e.g., along the axis of water flow into the polynya).
During July-August of 1992 a multidisciplinary research project [NEWATER Steering Committee, 1993] was conducted aboard the United States Coast Guard Cutter (USCGC) Polar Sea within the Northeast Water Polynya, a recurring, seasonal polynya located off the northeast coast of Greenland (77-81 °N, 6-17°W; see Figure 1 ). At that time the polynya was -10,000 lcm 2 in extent. In this paper we discuss the distnbution of dissolved nutrients and oxygen measured during this project, in the context of satellite images of the region, and distributions of heat and salinity.
The data provide information on nutrient cycling and the magnitude of "new" or "export" production occurring within the polynya. This study is complementary to an analysis of inorganic carbon data collected at selected stations during the same research cruise [Yager et al., this issue] and the direct measurement of biological productivity [Smith, this issue] . Hydrographic and chemical data from the cruise are available in a data report [Wallace et al., 1995) . 
Methods and Techniques

~lved Oxygen
Subsamples for Winkler titrations were drawn into -125 mL flasks immediately after the rosette was brought on deck and samples had been withdrawn for cblorofluorocarl>on analyses . These samples were analyzed following the methodology descnbed by Carpenter [1965] . Subtle changes to methodology and calibration, as described by CullJerson [1991] , were implemented, so that the oxygen data meet the precision and accuracy guidelines of the World Ocean Circulation Experiment [WOCE, 1991] . Oxygen saturation was calculated using the solubility data of Benson and Krause [1984] . The bottle data were used to calibrate the response of a Beckman oxygen sensor attached to the conductivity-temperature-depth (CTD) package. Details of the oxygen sensor calibration, which employed the method of Owens and Millard [1985] , are given by Wallace et al. [1995] .
~lved Nutrients
Subsamples of -60 mL were drawn from the Niskin bottles within 10-20 min of the cast being complete. Phosphate, silicate, nitrate, nitrite, and ammonium were measured as soon as possible after sample collection (usually within 2-3 hours) using a Technicon Autoanalyzer II, following standard methods. The methods have been described by Whitledge et al. [1981] , with the exception of the phosphate determination which used the hydrazinereductant method descnbed by Gordon et al. [1991] .
Standards were prepared in distilled, deionized water and low-nutrient surface seawater to determine the salt effect on colorimeter response and were run with each batch of samples. The wash water was distilled, deionized water.
3. Descriptive Hydrography and Satellite Imagery 3.1. Topography/Ice Cover/Hydrograpby
The topography of the region is presented in Figure 1 , and the regional ice cover as seen in satellite imagery is shown in Figure 2 . During July and August 1992 the polynya was located to the north and west of the Belgica Bank, extending to the Greenland coast in the west, and was bounded to the southwest by landfast ice (see Figure 1 ) . Thus this tongue of landfast ice extended to the shallowest part of the Bank, where it was presumably grounded, and formed a canopy over the southwestern part of the trough system separating the Belgica Bank from Greenland. To the north the polynya was bounded by ice over the Ob Bank and to the east by ice in or from the East Greenland Current.
To the southeast the edge of the polynya was determined by the high levels of ice cover over the Belgica Bank. Ice conditions during the summer of 1992 differed from the conditions reported by Bourke et al. [1987) , who found much of the shallow water over the shelf to be ice free. The troughs surrounding the Belgica Bank are relatively deep, exceeding 400 m in the north and 500 m in the south. They are the Westwind and Belgica Troughs , but for ease of description we will refer to them as the Northern and Southern Troughs. Hydrographic data suggest they are connected to the west through the Norske Trough but divided by a sill, with an effective depth of 250 m, which presumably lies under the fast ice. Hydrographic measurements from Bourke et al. [1987) , current measurements from this cruise (M. Johnson, unpublished data, 1994) , and ice flow drift determined by inspection of satellite images, all imply a surface anticyclonic flow over the troughs around the Belgica Bank. This causes a northward surface flow in the southern part of the polynya, turning toward the east downstream. Mean flow velocity along the northern trough was -10 cm s·
•
The water mass structure on the shelf has been previously described by Bourke et al. [1987) . Polar water (PW) is defined as potential temperature (8) <0°C and salinity (S) < 34.5. The PW generally extends to depths of -150 m on the shelf and is underlain by Arctic Intermediate Water (AIW) , defined as 0°C<8<3°C and 34.5<S<34.9. The PW within the polynya had been seasonally warmed to temperatures as high as 3°C and had been diluted with runoff and/or sea ice meltwater to salinities as low as 25. Both the PW and the AIW are supplied to the region via the East Greenland Current (EGC), which is located close to the shelf break.
The 8-S diagram (Figure 3a) indicates that the PW in the Southern Trough was significantly colder than that found in the Northern Trough. Note that a cold, high-salinity variant of PW (type B, the "knee" water of Bourke et al. [1987) ) is Figure 2 . The extent and thermal structure of the Northeast Water Polynya is revealed in images taken by the advanced very high resolution radiometer (A VHRR) on the NOAA 11 polar-orbiting satellite on July 23, 1993, at 1209 UTC. The monochrome image from channel 1 (}., -0.65µm) shows ice-free ocean as dark areas and ice cover as light tones. The image ia centered at 78.30°N, 10°W, and the spatial extent of is about 512 x 512 km, with a resolution of -1 km 2 • not found in the Northern Trough. Bourke et al. [1987] attnbuted this water type to a deep, eastern origin within the EGC. The vertical 8 and S profiles (Figures 3b and 3c) from the northern region suggest that the PW over the shelf convects to depths of -125 m in winter and that the resulting water type is at the freezing point and has a salinity of -32.4 (type A on Figure 3a ). Hence while this remains a variant of PW, it has been locally modified on the shelf.
The 8-S diagram (Figure 3a) for the Northern Trough suggests that water beneath this locally formed water type forms a mixing triangle. The three components appear to be the type A and type B waters which, in tum, mix with the underlying AIW (type C). It appears that this mixing occurs progressively during circulation around and over Belgica Bank.
Thermal infrared images from the advanced very high resolution radiometer (A VHRR) (Plate 1) show a plume of cold surface water emerging from underneath the fast ice and extending along the axis of the polynya, roughly parallel to the isobaths. The surface plume leaves the ice edge at a temperature close to the freezing point, and the thermal contrast is provided on both sides of the plume by surface waters that have been resident in the polynya sufficiently long to be heated by the insolation [Minnett, this issue] Figure 3b . Potential temperature depth profiles with separate symbols for northern and southern stations as in Figure 3a . water samples but were almost always low (0.09 ± 0.12 µmol kg·' for depths < 70 m); when higher levels were occasionally encountered, they appeared to be correlated with higher zooplankton abundance (C. Ashjian and K. Daly, personal communication, 1994) . Nitrate levels in the AIW are -13.5 µmol kg-1 and show little or no variation between sections. Obvious in each section is a layer of relatively uniform nitrate (5-7 µmol kg-1 ) between depths of 50-100 m, underlain by a strong nitrate gradient corresponding with the halocline. Within the PW, surface levels at transect A range from -2 to > 4 µmol kg-1 , whereas at transect D all surface levels are < 2 µmol kg-
Surface nitrate levels were often below our detection limit of -0.05 µmol kg-
Phosphate levels, by contrast, show relatively little vertical variation, although a slight maximum was evident between 50 and 100 min most sections, associated with a salinity of -32.4. Surface phosphate was always readily detectable, with the minimum measured concentration being -0.6 µmol kg-
Silicate showed depletion to near-zero levels in the upper 10 m at some stations.
A clear silicate maximum (occasionally > 12 µmol kg-1 ) was evident in all transects at 100-120 m depth, becoming stronger toward the east, and was associated with a salinity of -32.5. This is similar to observations from the EGC reported by Anderson and Dyrssen [1981) , who suggested the high-silicate core is a remnant of the central Arctic silicate maximum which is found at slightly higher salinities [Moore et al., 1983; Jones and Anderson, 1986 ).
Dissolved oxygen saturation was highest in very nearsurface layers, exceeding 120% at many stations, and as high as 137 % at 3-5 m depth at station 7. The mean saturation for the upper 5 m was 115 ( ± 7) % • Some of this supersaturation is undoubtedly due to seasonal warming of the upper layers with surface layer temperatures as much as 4.2 °C higher than their presumed initial temperature (the freezing point). Assuming no gas exchange, such warming would produce -111 % saturation. Hence a significant proportion of the observed surface supersaturation of oxygen must also be due to net photosynthesis.
The PW at 50-100 m has relatively constant oxygen saturation, in the range 95-100%. This likely reflects the oxygen saturation at the time of winter convection, and similar slight undersaturation in wintertime ice-covered shelf waters of the Bering Sea has been reported [Chen, 1985] . The deeper AIW in the Northern Trough has a relatively constant oxygen saturation of -83 % .
NO/PO Sections
The discussion above indicates significant differences in the vertical distributions of the three nutrients. This is due to the different origins of the layered water masses found in the polynya region as follows: an Arctic Ocean source for the PW, and the Atlantic Ocean as a source for the AIW.
Wils-on and Wallace [1990) showed that based on nutrient data, it is possible to define two separate water mass families in the Arctic Ocean. Quasi-conservative derived parameters were used based on the "Redfield . " Plate 1. The false-colored image is from channel 4 (}..
-11 µm) and shows temperature variations in the open water, the ice cover having been masked out. (The two dark green, cold bands crossing the southern part of the polynya are the result of two thin cloud streaks.) The location and size of the image is the same as in Figure 2 . Note the plume of cold water emerging from underneath the landfast ice in the southwestern polynya and moving to the northeast. Farther into the polynya, the plume appears to be squeezed between two areas of warmer water to the north and south, resulting in a thin, meandering stream.
Broecker [1974) ), the analogous "PO" (135 x P0 4 + OJ, and the ratio NO/PO. For a water mass which has nitrate and phosphate in the normal oceanic "Redfield" proportions the NO/PO ratio will be -1; deviations from this ratio reflect the integrated effects of biogeochemical processes which do not correspond to the normal stoichiometry of marine organic matter.
In the central Canada Basin of the Arctic Ocean the NO/PO of surface and upper halocline [Jones and Anderson, 1986] waters is -0.78 and increases with depth to -0.98 to 1 in Atlantic-derived waters. The origin of this low NO/PO water appears to be the extensive continental shelf regions surrounding the Canada Basin, which have distinct (and low) NO/PO ratios. The process responsible for creating this "non-Redfieldian" signature is not yet clear but might reflect denitrification in shelf sediments [ Codispoti et al., 1991) . In the Nansen Basin of the Arctic the NO/PO ratio is close to 1 throughout the water column [WiLs-on and , Wallace, 1990) , hence low NO/PO ratios are a useful tracer of Canada Basin halocline waters and, ultimately, of waters derived from the extensive continental shelves bordering the Canada Basin. Figure 6 presents the NO/PO sections from the polynya. Clearly, the PW has ratios very similar to those found in the Canada Basin of the Arctic Ocean, whereas the AIW has classical Redfield-type NO/PO ratios. Hence the shelf PW has its origins in the Pacific sector of the Arctic Ocean, having been advected from the Arctic Ocean via the TransPolar Drift and the East Greenland Current. The low NO/PO ratio implies that nitrogen is predisposed to become limiting prior to phosphorus, as is the case, given that nitrate is undetectable in some surface waters, whereas phosphate is always present.
If subsequent biogeochemical mechanisms process nutrients in Redfield proportions, then the NO/PO ratio should be essentially conservative, no matter how many cycles of uptake and regeneration the nutrient elements experience. Chapman and Beardsley [1989] have hypothesized, on the basis of oxygen isotope data, that shelf water of the Middle Atlantic Bight off the eastern coast of the United States, belongs to a 5000-km long, buoyancy-driven coastal current originating along the southern coast of Greenland. Although the limited oxygen isotope data available indicate that there must be a significant freshwater source between the NEW polynya region and the southern Greenland shelf, it remains likely that the coastal current itself extends along the entire Greenland shelf as does the adjacent East Greenland Current. We therefore speculate that the nitrate limitation characteristic of U.S. east coast shelf waters in general [Ketchum et al., 1958; Ryther and Dunstan, 1971) may be caused by the low N:P ratios originating in the Arctic Ocean.
Inventories and Inventory Gradients 4.1. Inventory Calculatiom
In order to assess the biological uptake of nutrients, we calculated inventories of nitrate, phosphate, silicate, and oxygen from the surface to 70 m. This depth was chosen as it represents the core of the PW and also approximates the deepest 1 % light level (i.e., euphotic zone depth) encountered during the cruise [W. Smith, unpublished data, 1994) . It is therefore unlikely that significant net production of organic matter occurred deeper than 70 m at any stage during the development of the polynya, making this an appropriate reference point for the integration of biogeochemical parameters, as well as heat. The temperature and salinity suggest this water has remained unchanged since the time of winter convection (see Figure 3) . Some near-surface water had been warmed, and, also, its salinity had been reduced as a result of sea ice meltwater and/or runoff additions. Both freshwater sources will act to dilute the nutrient content of seawater, however, it is not possibie to say whether the dilution would have occurred before or after any nutrients were removed by phytoplankton. For this reason, we also calculated inventories based on normalized nutrient concentrations, where the concentrations were normalized to a salinity of 32.4 which is the average salinity at 70 m (the PW core layer). The biological nutrient uptake, as deduced froin inventory variations, should lie somewhere between estimates based on the normalized and nonnormalized inventories, however, we found little difference between these, and only the nonnormalized inventories are used subsequently. Inventories based on bottle data were only calculated for stations for which there were at least five measurements well spaced through the upper 70 m . Heat anomai.ies were also inventoried based on CTD data.
At every depth a heat anomaly was calculated based on the temperature difference between the observed potential temperature and the freezing point for the salinity measured at that depth and the (salinity dependent) specific heat capacity. Within the Northern Trough the heat inventory distnbution, despite its much lower spatial resolution (Plate 2a) is consistent with the sea surface temperature (SST) distribution (Plate 1). There is a pool of cold water in the southwestern polynya (transect A; see Figure 1 for locations of transects), apparently emerging from underneath the landfast ice. This water contains high nutrient and low oxygen inventories (Plates 2b and 2c) . Farther to the northeast (in the vicinity of transects B and C), cold water is found squeezed between two areas of warmer water to the north and south, carrying with it high nutrient and low oxygen inventories. According to the satellite imagery, this cold ribbon continues to spread farther to the northeast, and it is very clear in the center of transect D. The easternmost transect (E) sampled the EGC, and it can be seen that heat and oxygen inventories are low and nutrient inventories are high within this jet flowing out of the ice-covered Arctic Ocean, except possibly at its southern end (see below).
It therefore appears based on a combination of satellite and hydrographic data that there is a source of cold, high nitrate water emerging from underneath the landfast ice in the southwestern polynya and that this high-nutrient core extends, in a convoluted ribbon, along the axis of the Northern Trough until polynya waters merge with the EGC. The lower nitrate and higher heat inventories at the southern and northern ends of the transects within the polynya (i.e., at the edges of the cold plume) are suggestive of longer residence times within the ice-free, illuminated, productive polynya.
On the basis of the low nutrient and high oxygen inventories found in the vicinity of the southern end of the easternmost transect (E) the outflowing polynya waters appear to swing to the south at the shelf break and merge with the southward flowing EGC. This merging potentially controls the export of the organic matter produced in the polynya, however, the ultimate fate of the organic matter produced within the polynya (e.g., recirculation over Belgica Bank or southward advection with the EGC with possible shelf export) remains unclear.
Along-Trough Distributions: New Production
and Elemental Ratios Analysis of regional circulation by Bourke et al. (1987) suggested an anticyclonic gyre centered over Belgica Bank, with streamlines within the trough system oriented along the topography (i.e., to the northeast in the Northern Trough). The property distributions discussed in the previous section support this, although they indicate a considerably more complex flow structure involving narrow nbbons of cold water and possible "backwater" or recirculation regions containing warmer water. We have therefore examined the along-trough nutrient and oxygen distributions in order to examine the evidence for progressive nutrient depletion and oxygen evolution within the polynya and, by inference, the rate of net organic carbon production.
"Trough axis" stations north of 79.5°N were selected for the examination of lateral gradients, where the sounding depth was 2: 250 m. Along-trough distance was calculated as the distance from station 42 which is situated in the southwestern polynya (Figure 1) . The distributions of nutrients and oxygen inventories versus along-trough distance are presented in Figure 7a 10°W to avoid incorporating the stations which sampled within the EGC. The regression coefficients and their standard errors are presented in Table 1 . Statistically significant decreases with along-trough distance were found for nitrate and silicate, and oxygen was found to increase significantly with distance. The phosphate gradient, although it also suggested a decrease with distance, was not statistically significant.
Much of the scatter around the regression lines is due to the cross-trough variability seen in Plate 2, together with the fact that simply selecting stations in the deepest parts of the trough cannot hope to capture the complex flow pattern which is evident in the satellite imagery.
The distnbutions confirm a decline in nutrient levels and an increase in oxygen with distance along the trough, from a presumed source under the landfast ice in the southwestern Plate 2. (continued) polynya (nutrient and oxygen inventories to the south and east of the fast ice are comparable to levels found in the southwestern polynya; Plates 2b and 2c). Several lines of evidence confirm that this pattern is due to biological production and is not simply due to lateral mixing of water masses.
(1) Inventories found within the EGC (which is the logical offshore end-member and was sampled at the easternmost transect, E) lie well above the extrapolated nutrient distance regression lines (Figure 7 ). (2) Similar regression analyses conducted for PW samples collected below the euphotic zone (i.e., integrated between 70 and 100 m) showed no significant along-trough trend for nitrate or oxygen (Figures 7a and 7d) .
Correlations between the inventories of nutrients, oxygen and inorganic carbon from stations within the Northern Trough region (i.e., >79.5°N, < 10°W) are also consistent 550 T X 500 t 
.,.
• , implying a photosynthetic quotient (0 2 /TC0 2 ) of -1.32, close to the photosynthetic quotient of 1.4-1.S which is expected on theoretical grounds for new or net community production [Laws, 1991] . It is worth noting, however, that regression of 0 2 inventory against TC0 2 • gave a lower slope for the apparent photosynthetic quotient, 1.23 (±0.14). The difference illustrates a limita- The regressions used all stations north of 79.5°N and west of 10°W for which the total water depth was > 250 m and for which at least five sample analyses were made in the upper 70 m. The oxygen regressions from 70-100 m are based on conductivity-temperature-depth (CTD) oxygen sensor data.
Abbreviations are ~, correlation coefficient squared; n, number of samples.
tion of simple linear regression, which assumes variability or measurement error is confined to the Y variable in the regression of Y on X. The regression of TC0 2 • on 0 2 inventory is appropriate for the purpose of prediction of the TC0 2 • on the basis of an observed oxygen inventory, as is required for the estimation of carbon production from oxygen data (see below). On the other hand, the functional relationship between two inventories, which is better suited for comparisons with photosynthetic quotients, Redfield ratios, or the measured stoichiometric ratios of particulate organic matter, is better estimated using the "geometric mean regression" [see Ricker, 1973) . In this case the functional slope is given by the geometric mean of the slope of the regression of Y on X and the inverse of the slope of the regression of X on Y. The geometric mean slope for 0 2 :TC0 2 • is 1.27 (±0.14). Results of the geometric mean regressions are presented in Tables 2a and 2b , together with the predictive regressions of TC0 2 • on 0 2 and N0 3 inventories. The observed TC0 2 ·:N0 3 geometric mean slope of 7.13 (± 1.53) is indistinguishable from the expected ratio for marine organic matter [Red.field et al., 1963; Takahashi et al., 1985) , as well as from the mean C:N ratio of the particulate organic matter in the study region of -8 [Smith et al., this issue) . The polynya therefore does not exhibit the elevated C:N consumption ratios reported by Sambrotto et al. [1993] , but consumption ratios are consistent with the high-latitude time series studies discussed by . Although the P0 4 :N0 3 slope is higher than expected from Redfield stoichiometry, it should be noted that this inventory correlation was poor.
The observed TC0 2 ·:(-0J and TCO/:N0 3 predictive regressions in Tables 2a and 2b can be combined with the along-trough N0 3 and 0 2 inventory gradients given in Table  1 and an estimated along-trough velocity of 10 cm s· See text for discussion of functional regressions between nutrient, oxygen, and dissolved inorganic carbon inventories. The numbers in parentheses represent the predictive regressions of TCO/ on N0 3 or (-OJ. The regressions used data from all stations north of 79.5°N and west of 10°W for which the total water depth was > 70 m and for which at least five sample analyses were made in the upper 70 m. All inventories, including oxygen, were based on bottle data. TCO/ represents TC0 2 inventories that have been corrected for the effects of alkalinity changes and dilution with freshwater as descnbed by Yager et al. [this issue] ; r is the correlation coefficient squared; and n is the number of samples. respectively. It should be noted that the proximity of ice cover and land restricted the effective fetch within the region, which may imply lower gas transfer velocities for a given wind speed (see discussion by Wanninkhof [1992] ). For a mean surface oxygen saturation of 115 % these transfer velocities imply that 3-18% of the observed oxygen inventory increase would be lost to the atmosphere during a mean residence time of surface water along the trough axis of -6 days. Yager et al. [this issue] show that the effect of gas exchange for C0 2 inventories was negligible during the period of the cruise. Hence the observed along-trough increase of oxygen underestimates the biological production of oxygen by this amount, which may be reflected in the apparent photosynthetic quotient (OzfTC0 2 ") being -12 % lower than the theoretical value (see above). The latter implies that use of an apparent, empirical photosynthetic quotient based on our limited set of in situ observations, rather than a theoretical value, helps compensate for the influence of gas exchange on the oxygen-based production estimate.
The production estimates are in good agreement with independent estimates of 35.8 mmol(C) m· 2 d· 1 based on observed along-trough gradients in light transmission [Smith et al., this issue] and 15-53 mmol(C) m· 2 d· 1 based on 234 Th fluxes [Cochran et al., this issue] . These production estimates represents the formation rate of organic camon which is available for export from the euphotic zone. Note that the camon is not necessarily exported: for example it may be subsequently regenerated in situ. Yager et al. [this issue] discuss the issue of export in more detail. The observation of substantial silicate removal suggests that the production was mediated largely by diatoms, which is borne out by phytoplankton species observations [Smith et al., this issue] .
It is anticipated that when hydrographic and current meter [M. Johnson, unpublished data, 1994] data are fully analyzed, a more accurate estimate for the along-trough velocity will be obtained. It will then be possible to rescale the production estimate to a more appropriate velocity. In the meantime it is important to note that the water meanders considerably as it flows to the northeast. Hence the true along-trough flow path may be considerably longer than the linear distance assumed above. In addition, there may be significant cross-axis diffusion of nutrients into the lownutrient regions to the north and south of the along-axis flow. Both factors imply that our estimates are quite likely to overestimate the net organic camon production rate.
Inventory Correlations With Heat
The distributions of nutrients and oxygen suggest that their inventories vary with the residence time of PW within the polynya. However, in order to estimate rates, we performed a "core layer" analysis using only the central trough stations and an assumed current velocity. Given that there was a net input of heat to the water column in ice-free regions [Minnett, this issue], we initially hypothesized that there might be a more general, polynya-wide relationship between the nutrient/oxygen inventories and the integrated heat anomaly within the PW. If that were the case, then it would be possible to estimate the net organic matter production rate using all of the available stations and based on a knowledge of the heat budget of the polynya, rather than depending on a spatially and temporally variable current velocity. However, although good correlations with heat were found at stations confined to the axis of the central trough (see also Smith et al. [this issue] , who examined correlations of suspended particulate matter with temperature at these stations), these correlations broke down elsewhere, so that it was not possible to define a statistically significant relationship for the polynya as a whole. The most likely reasons for the poor overall correlation include temporal variability in the surface heat flux, particularly the role of variable ice cover in removing heat from a previously illuminated (hence nutrient depleted) water column.
Conclusions
The Northeast Water Polynya is shown to have low N:P ratios in the polar water mass, indicative of an ultimate source in the Pacific sector of the Arctic Ocean. This low N :P ratio originating on Arctic shelves is hypothesized to cause nitrate to be the limiting nutrient along the eastern seaboard of North America as far south as Cape Hatteras. The polynya is shown to be strongly influenced by a plume of cold, relatively nutrient-rich water emerging from underneath landfast ice. This plume creates a quasi-steady, spatially expressed progression from nutrient replete to nutrient limited conditions within the polynya, which is expressed both along and across the principal axis of flow. The nutrient and oxygen gradients are shown to be caused by biological processes, rather than by water mass mixing.
Although there is considerable small-scale variability which introduces noise into the relationship, the observed depletion of nitrate and increase of oxygen implies a net organic carbon formation rate of 40-60 mmol(C) m· 2 d" 1 • The distnbutions of nutrient, oxygen, and inorganic carbon inventories [Yager et al., this issue] are also consistent with the stoichiometry of marine organic matter proposed by Redfield et al. [1963] and Takahashi et al. [1985] , given relatively large uncertainties.
The easternmost transects of our study suggest that nutrient-depleted, oxygen-rich water merges with the southward flowing EGC at the shelf break. This also represents a potential pathway for the export of organic carbon, however, consideration of the ultimate fate of such carbon (e.g., export with the EGC or recirculation onto the shelf) requires further study.
